.^^.nalytical and statistical studies of the collected cases of pulmonary aspergillosis have been few, if any, except for Pepys'1 and Campbell's3 272 cases. We reported 261 cases in 1962:,> 4 and a total of 324 cases have been collected by further study in Japan.5 Thirty-five cases belong to the bronchial type, of which 31 (90 per cent) were caused by secondary infection to the bronchial stump after resection of a tubercu lous lung.
Clinical analysis of our 10 cases, as well as experimental study, led us to the con clusion that silk thread used as suture ma terial causes this troublesome complication; this is clearly confirmed by the fact that no such cases have been encountered since 1963 when we adopted nylon monofilament as a suture material.
Kelemen and Novak (1960)° reported on bronchial stump aspergillosis after the resection of a tuberculous lung, finding the perithecia and the ascospore of Aspergillus nidulans around the silk thread. Franke and associates7 (1961) reported that 6 cases of bronchial stump aspergillosis were dis-covered among 51 cases in Which silk thread was used but no such cases were encountered among 104 in which stainless steel wire was used as the suture material, emphasizing the fact that silk thread should not be used except on the soft segmental bronchus.
Analysis of our 10 eases
Among our 10 cases of bronchial asper gillosis, there was only 1 primary" case; the other 9 cases were a secondary infection to the bronchial stump after pulmonary resec tion. Six patients were male and 4 female. The range of age was from 20 to 40 years and the right lung was more often affected. The period from the operation to the onset of the disease ranged from 6 to 12 months, but a few cases were found after several years (Table I) .
Routine bronchoscopic findings in the sixth month after the resection showed nothing noteworthy besides the frequent ex posure of suture thread. The disease charac teristically begins with cough, sputum (oc casionally bloody), and the expectoration of the thread and the mass of hyphae. Fun gus and putrid mass around the thread can be discovered by bronchoscopy, which is the only accurate diagnostic procedure.
A greater part of the hyphae cultured 1969 Bronchial stump aspergillosis 19 9 from the bronchoscopic samplings is identi fied as Aspergillus oryzae; Aspergillus tamarii is the second. The treatment consists of the following: the bronchoscopic removal of the silk thread and the putrid mass of hyphae, the bron choscopic application of germicidal and antifungal drug (0.02 per cent solution of phenylacetic quicksilver is the most effec tive), or the inhalation, the ingestion, or the intravenous administration of an antifungal drug. Two patients were reoperated upon. The period of the treatment ranged from 2 months to 1 year and 9 months, and all patients are permanently cured.
These clinical data show that silk thread as a suture material plays an im portant role in causing bronchial stump aspergillosis.
Experimental study
Because of our clinical data it was de cided to study experimentally what part F ig. 1. E x p erim en tal b ro n c h ia l aspergillosis (dog). F u n g u s m ass is evident aro u n d the silk fiber. (P e rio d ic acid Schiff stain; x27.) Fig. 2 . E n la rg em e n t of Fig. 1. (P eriodic acid-Schiff stain; x200.) 2 0 0 Sawasaki et al.
Jo u rn a l of T h o ra cic a n d C a rd io v a sc u la r S u rg e ry tion with injection of saline solution was carried out as a control. Mycillin was in jected postoperatively into all the animals. As suture materials, silk thread, stainless steel wire (E thicon), nylon monofilament, throwed nylon (Toyo R ayon), and catgut were used. The animals were sacrificed at 1 week, 2 weeks, 1 month, 2 months, and 3 months after the operation.
Results. Group 1. The silk suture ( Table Jo u rn o l of T h o ra c ic a n d C a rd io v a sc u la r
Su rg e ry F ig. 3. E x p erim en tal bro n ch ial aspergillosis (dog). F u n g u s m ass is seen in the b ro n c h ia l lum en.
(P e rio d ic acid-SchifT stain; x27.) Bronchial stump aspergillosis 2 0 3 II). Mass of hyphae around the sutured silk thread was found in the specimen from the animals sacrificed 1 week after the opera tion, protruding even into the bronchial lu men in 1. Fungus was discovered in 36 per cent of the animals. Local inflammation was found in all the specimens and most had developed to marked abscess in the submucosa and the tissue surrounding the cartilage. The grade of the inflammation in the control animals was almost the same (Figs. 1, 2, and 3). Group II. The stainless steel wire, nylon, and catgut suture (Table II ) . The inflam mation was slight and hyphae were never discovered. Even in the control group in which nylon monofilament was used, slight inflammation could be discovered. The grade of the inflammation in those su tured with the throwed nylon was worse than that in those sutured with the nylon monofilament and almost the same as in those sutured with the silk thread, but hy phae were not present (Fig. 4 ) . Therefore, the capillarity in the throwed nylon and the silk thread must accelerate the infection from the bronchial lumen. This fact was proved by the simple experiment of dipping in red ink the ends of the silk, nylon monofilament, and throwed nylon thread, each hanging perpendicularly. The capillary phenomenon was shown to be almost the same with both the silk thread and the throwed nylon, but did not occur with the nylon monofilament. So silk thread is unsuitable for suture m a terial because of its irritating quality and capillarity. Furtherm ore, the silk itself seems to contain a favorable nutriment, for the hyphae grow only around the silk thread between those two throwed materials.
These experiments show that the silk su ture plays an im portant role in the patho genesis of bronhial stump aspergillosis. Ny lon monofilament, stainless steel wire, or cat gut must be used to avoid this complication.
Clinical rcasearch During 7 years (1956 During 7 years ( -1963 , among 495 patients treated by pulmonary resection with silk sutures used, 7 cases of bronchial stump aspergillosis were found, almost 1 case a year. Since 1963, 140 patients have been treated by pulmonary resection with the ny lon monofilament suture used but no such case has been encountered (Table III) .
The diseases for which the resection was 1956 1957 195S 1959 1960 1961 1962 1963 1964 1965 27 P u lm o n ary sup S p o n tan eo u s pneum o p u ra tio n 5 th o ra x 14 P u lm o n ary asp er L ung c an c er 12 gillosis P u lm o n ary cyst 5 3 indicated are as follows: pulmonary tubercu losis, 562; bronchiectasis, 27; spontaneous pneumothorax, 14; pulmonary cancer, 12; benign tumor, 7; pulmonary suppuration, 5; pulmonary aspergillosis, 5; cyst, 3. The complication occurred only in cases of pul monary tuberculosis (Table IV ) .
Thus, the usefulness of nylon monofila ment as a suture material to prevent bron chial stump aspergillosis has been clinically proved.
Postoperative bronchoscopic findings. For further information as to the pathogenesis of the bronchial stump aspergillosis, the local reaction against the suture materials was clinically investigated (Table V ) .
Bronchoscopic examination was made on all patients 2 to 5 months after the opera tion. For precision's sake in the macroscopic examination, cases of lobectomy and pneu monectomy, in the period ranging from 1961 to 1965, were selected and those of segmental resection were discarded. There were 53 cases of suture with silk thread and 53 with nylon monofilament. The thread was visible bronchoscopically in 33.9 per cent of the cases in which the suture material was silk thread and 41.5 per cent in which it was nylon (no statistical difference). The inflammatory signs around the suture m a terials, that is, hyperemia, swelling, granula tion, putrid membrane and secretion were found in 24.6 per cent of the patients su tured with silk thread in comparison with 5.7 per cent of those with nylon.
In fact, in one third of the patients treated by pulmonary resection, the suture thread was visible bronchoscopically several months after the operation. The inflamma tion around the thread, however, was de tected in one third of the patients sutured with silk thread, whereas it was present in very few sutured with nylon. The local reac tion to silk thread is more m arked than that of nylon, which retards the healing process.
Expectoration of the suture thread in the postoperative period. The suture thread was often expectorated in the postoperative period. A comparison was made between those sutured with silk thread and those with nylon monofilament. Cases of lobec tomy and pneumonectomy in the period ranging from 1962 to 1963 were selected. There were 42 patients sutured with silk thread and 45 sutured with nylon monofila ment (Table V I) .
A u g u st, 1969
Bronchial stump aspergillosis 2 0 5 In the "silk thread" group the cases of spontaneous expectoration numbered 7 (16.7 per cent) and those of bronchoscopic removal were 8 (total 13 [31.0 per cent]), but in the "nylon monofilament" group there was 1 of expectoration and none of bronchoscopic removal.
The expectoration of suture thread oc curred for the most part within 4 months after the operation and thereafter few scat tered cases were encountered within a period of 2 years.
The percentage of expectoration of the silk thread was greater because, protruding into the bronchial lumen, it gave a certain route to the infection and induced the longlasting perifocal abscess by which the thread comes to be coughed up spontaneously. The nylon monofilament, however, although pro truding into the lumen, never induced in flammation and tended to be encapsulated by the connective tissue.
Fungus in (he operating room and in the ward. This complication must be caused by the spores in the air. The Sabouraud agar, Czapek-Dox medium, and malt agar medi um for fungus, and serum agar medium and Staphylo-110 for general bacteria were used to detect the aerial sporulation in the operating room and in the ward.
The air in the operating room was ex amined before and 1 hour after the opera tion. In room A, very few fungi were de tected, and in room B there was a very little increase in bacteria but no Aspergillus spe cies were found. In the ward, however, the air was heavily polluted. Many colonies of bacteria and a few Aspergillus fumigatus or oryzae were detected, although no patient in the ward had aspergillosis then (Table V II) .
Discussion
The pathogenesis of bronchial stump as pergillosis after pulmonary resection and its prophylactic measure are discussed from these experimental and clinical data.
Fungal infection at the time of operation is most improbable because of the serene atmosphere in the room and the perfect sterilization of the hands and tools. No cases could be detected at the time of discharge, about 6 months after the opera tion, when bronchoscopic examination was a routine procedure. Therefore, it must be caused by secondary infection of the suture thread protruding into the bronchial lumen.
All patients with this secondary infection were cases of pulmonary tuberculosis; nontuberculous disease was not included. A cer A u gu st, 1969 Bronchial stump aspergillosis 2 0 7 tain alteration in the bronchial tissue at the stump, due to pulmonary tuberculosis, may induce the secondary infection. If the tu berculous process should be hidden in the tissue, bronchial fistula or bronchial stump tuberculosis would develop. So the altera tion must be minimal and act as a sec ondary agent in the pathogenesis of this disease.
The silk thread itself plays a principal role in causing this complication, which is proved by clinical observation and experi mental study, especially because of the fact that the disease can so far be completely prevented by the use of nylon monofilament as a suture material. This marked difference between the silk thread and the nylon mono filament cannot be explained by only the local reaction of the bronchial tissue to each suture material.
Among the various bronchial suture methods, Sweet's is most commonly used. This consists of a single line of suture pene trating the total layer of the bronchus from the mucosa to the serosa. Therefore, a part of the suture thread protrudes into the bronchial lumen several months after the operation and gives a certain route to the infection. Moreover, the capillarity of the throwed material accelerates this phenome non. This is clearly proved by the marked difference of local reaction between the throwed nylon and the nylon monofilament, and the capillarity experiment with red ink. The good result with stainless steel wire and catgut is also largely due to their monofila ment and nonirritative nature. This is also clinically proved by the result of postoperative bronchoscopic examination and expectoration of the suture thread. The severe local reaction to silk thread results in its rejection as a foreign body, whereas the reaction is slight to nylon thread and it is encapsulated and buried in the tissue.
The local reaction, often developing in the ulceration around the silk thread and lasting several months, may induce local infection, especially of the pathogenic fungi. The bronchial change due to pulmonary tuberculosis, although slight, may somewhat facilitate this infection and the gluten in the silk thread becomes an appropriate medium for the fungus. The wound healing in the case of the nylon monofilament suture, how ever, is excellent and prohibits further infec tion.
F or prophylaxis against bronchial stump aspergillosis, by Sweet's method, nylon monofilament, stainless steel wire, and cat gut should be used as suture materials and never silk.
Conclusion
Bronchial stump aspergillosis is a bizarre complication with hemoptysis and the expec toration of the fungus mass.
We have had 9 cases (1.6 per cent) in 495 pulmonary resections with silk thread suture. Nylon monofilament can totally elim inate this complication which has been proved by both clinical and experimental studies. Clinically, no complication was en countered in 140 pulmonary resections with the use of the nylon monofilament suture. As demonstrated by postoperative bron choscopy, local inflammation around the silk thread was found in 24.6 per cent of the patients, while inflammation around ny lon monofilament sutures was present in 5.7 per cent. Postoperative expectoration of the thread occurred in 31.0 per cent of the "silk thread" group, while it was 2.2 per cent in the "nylon monofilament" group.
The result of the experiment with dogs has shown that masses of Aspergillus hyphae have occurred around the thread in 36 per cent of the "silk thread" group but there were none in the "nylon monofilament" group.
By the standardized Sweet's method of suturing the total layer of the bronchus, the thread cannot avoid protruding in part into the bronchial lumen. The silk thread induces contamination through the capillarity of the throwed material and the local reaction, developing at times to ulceration, retarding wound healing, and accelerating the secon dary infection of Aspergillus in the air.
